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From the point -If view of the humoral concept, one of
the most essential conditions for the passage of stimuli across
the nearomuscular synapse is the sensitivity of the muscularQfibers to a mediator, It is perfectly clear that if under certain
influences the muscle fibexs lose their ability to be excited by
the mediator, then this must inevitably lead to the stoppage of
stimulus-transfer across Lhe neu.omuocular Junction.

Tho e xpTrinuatabL vertfication of this 4. 'poth-est.s ua28
"'rst carried, out by Baoq a nx his assootates on the smooth
m uscle (tn the third pertod af growth) of the Oat. It was be-
Iteed tht the mwdto~tor in the tran=sison of the nerue impulse
Jrom the sanpatettc post ... ngenqv-,,ntorme Jbers to thts musole
was a4renaltne. / Lcq aho' ed that under normal oondtttcLs
aren tne evokes .praotcally' the same contractton of this usole
as sttulCttof of the ~mpathe tio nerve. Yet after the petaon-
tng of ths miole with 1933P the nscle ceases to react to
w1r.enaline; nevertheles8 t?w same mu aso e w l contract in response
to a nervte tapulge ooratnq to tt (,ong the nerve fibers.

17w Jaot that a c: ,ntraoton of the musoe is obta--ned
Ln, response to the nrve i, pulse after the humoral meohzntnm of
ti-a T sts f, oT s tinh4btted w ;& 933P shows that the tra n sieston,
of exttation jrom the post-gangt onto sa.pathetto jfIbers to
Viao enmooth r n,: *o7e tckes pkioe not only by hworal mea r&s by the
tereedary of arern ,e but also n some other uu/, apparent .y
'through Coton ohrrenta



Subsequentlyi, uastng th4s tc ~3o n~b~t
htm7omcl~ rgoha2nfi.B1 of nerve-tmpulse an,"'~ ~o ~r
Meunier on the one hand anrd Baoq ar4 Bo-vet or, th~e tw ced,
tn mahtng clear the stnroaznce of bot.he haw.r& zcr '
of aot lfan ourirents tn th'.e iraeohantsm~ qjf nerve~~7~s~

It appeared to us to be olf intereat t-- apply, this
device off blocking the huimoral maechanism of trannisicon to
the study of the passage off excitation -fromr the T-o-tor' nezrt t~o
skeletal mu~scle. Since in the case off skeletal muscle the
mediator is believed to be acetyicholina, our task i:-nvolved
rendering the fibz-ra of skeletal muscle insensitile to impulses
coming to them along the nerve.

Beritov has shov:1 that if acetylehollne acts r'epeated2.y
on skeletal muscle, it ma.,, after a few mlrnutes, fail to cause a
contraction off the muscle. Lhvestigating this phenomenon in more
detail, weestablished that if we inject -an acetyicholine nolu-
tion (12,Z)in small quaities (0.26 0.5 cm3 ) several times
in succession Into the artery of the muscle, with inteivaals off
5 minutes between these iaJectionstne intensity, off the uYmseulaz
contraction in response to each successive injection becomes less
and less: finally it ceases altogether to respond with a Conti'ac-
tion to the injection of acetyicholine. Thus the substance which
will. cause a loss of sensitlv'4ty of tIceletal muscle to acetyl-o
choline turns out to be ot'-.choline itself.

It seems to be off interest to ascertai how the reactior,
of the muscle fibers to the nerve impulse changes after theQ muscle ffibers have been rendered insensitive to acetylcholiUne*

P~ROCEDURE

The tests were carried ouit on neuroniuscular preparations
(tsohtadtous - gast7'ooneatus) from~ the fr~og (Rawn rtdtb7sr4a3.
The muscle was perfused with Ringer'sa solution by way of' a -lanula
inserted in the ischiadic ar+ery and connected through & tthree-
way cock to two Mariotte bottles. Through the same,. cqnui1la,
acetylcholine solution could be fed into t.-e art&;,,.y of the in~uscle,,
The nerve of the prepar'ation was placed in a small molst chaber,
where electrodes frc.- the aetoidury winding of an. ordinary
variable-coupled induction coil were brought into contact with it.
Recording of the nmucular contractions was c.!arric"J out un the
smoked surface off the slowly rotating drum of an &,gelmxnan dlrect-
acting myograph, with a 6 g load on the muselc.



0A

Wyogram of m. gastrocnernius of frog in response to
separate indirect stimuli and In response to acetyl-
ohollne.



RESULTS

0 Shown L. the figure are myograns illustrating the
results of one of the tests. At 1 we register d, at the start of
the test, two separate maximal contractions of che muscle in
response to indirect excitation. The height of these contractions
is a measure of t'e reaction of the muscle fiberL to the nerve
impulse. After this, 0.4 cm3 of a 1:20,000 acetylcholine solution
was inlected into the muscle artery, over a period of minutes. As
way be seen from the myogram, the response to the acetylcholine was
a sTirong contraction of the muscle, reaching a height of 70% of
that of a separate maximal contraction.

After 4 minutes, with the muscle now in a relaxcd co-
dition,, we again subjected it to two separate maxi I stimula-
tions and then injected 0.4 cm3 of the 1:20,000 aceuylcholine
solution (=yogram 2). Comparison of myograms 1 and 2 shows that
the height of ceparate muscular contractions evoked by indirect
exci',ation ±i in both cases the same, while the height of the.
muscular contraction in response to the injection of acetylcholine
38 in the second case less than in the first case.

At the end of 5 minutes, when the muscle had relaxed
from the second injection of acetylcholine, it was subjected to
three separaie maximal stimulations and again injected with 0.4
m3 of acetylcholine. As will oe seen from myogram 3, the con-
traction and response to the injection of acetylcholine has become
still less.

In myogram 4, recorded five minutes after myogram 3,
the contraction of the muscle in -esponse to the acetylcholine in-
jection is quite insignificant. Jpon the next injection, the
mscle fails completely to react to acetylcholine at ui concentra-
tion of 1:20,000 (myogram 5).

Myugram 6 illustratc the reaction o1 the same muscle
to the injection of acetylcholine diluted 1:10,000. As will be
seen from the myogram, acetylcholine at this concentration like-
wis^ fails to produce a contraction.

" The results of the experiments show that the effect of
repeatedly subjecting the muscle to the action of acetylcnoline
was that the latter lost its power to st.,umulite the muscle fibers.
Yet the emscle reacted to indirect stimulation with contractions
of almost the same strength as at Lhe beginning of the test. The
results of this experiment are essentially similar to Bacq's
results, obtained upon the smooth muscle (third stage of growth)
of the cat, with 933? intoxication: the muscle , insensiti.ve
to the action of the mediator, react normally to the nerve impulse.
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In a neuromuscular preparation of the skeletal muscle
of the. frog, the reverse of thir phenomenon may easily be obtained:
that is, tae mrascle subjected to a certain influence ceases to
respond to the nerve impul-. but reacts normally to acetylcholine.

0f particulp. interest frov the point "f view of 1-e
humoral theory is th- inhibiti .n of the ner-v impulse transfer
& the myoneural junction causeu by an increased amount of
lotassium ions in the Ringer solution. As Yuden1.eh' s researches
have shown, Ringer's solution with its content of potassium
chloride increased to 0.05 - 0.06%, when perfused through the
blood vessels of skeletal muscle, will cause the blocking of the
impulse at the myoneural junction and the loss of the indirect
excitability of the muscle.

We have carried out a series of tests in which we in-
vestigated the sensitivity of the skeletal muscles to acetylcholine
subsequent to their loss of indirect excitability through the
effect of perfusion with Ringer solution with an excess off potas-
sium ions.

These tests showed that the sensitivity of such muscles
to acetylcholine is not only not lower than that of normal muscles,
btt is even somewhat highcr, Ma clas poisoned by Ringer's solu-
tion with an excess of potassium ions (0.06;) reaci to a weaker
concentration of acetylcholine than normal muscles, and in res-
ponse to the acetylcholine injection they give a gruater con-
mac tion.

Q From the point of view of the humoral theory, th block-
ing of the imp, e at the myoneural junction may be explained
either by there being an insufficient quantity ot ac ylcholir.
released at the nerve endings in response to the nerve impulse,
or by the muscle fibers havLg lost their ability to react to
acetylcholine. As has been shown by the researches of Beznackp
Brown, Cowan and Feldberg, potassium ioLi not o~ily do not inhibit
the release of acetylcholine, but or the contrary they facilitate
the liberation of acetylcholine by tho nerve endings. Thus when
skeletal muscle iu poisoned by Ringer's solution with an excess
of potassium ions, the nerve endings do release acetylcholine in
response to the nerve impulse; the muscle fibers do react to
acetylcholine; nonetheless the muscle does not react to the nerve
impul s e.

Our tests show that between the indirect excitability
of the muscle, that is, between the ability of the muscle fibers
to respond to the nerve impulse, and their cen:sitivity to
acetylcholine, there is no direct relation. Muscle fibers may
lose their ability to be excited by acetylchoinc and yet at the
same time show a gooe reaction to the nerve impulse. On the
other hand, there may be a well-expressed F ;ns.tiv ty of the
muscle fibers to acetylenoline without the nerve impulse always
being able to cause them to contract.
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All these results are difficult to rec'oncile with the
theory that acetyloholine is the transmitter of excitation frrm
the motor nerve to the skeletal muscle.
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